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Introduction

Figure 1. Map showing the location of the Bismark
Mine in southwestern Montana.

Between 1913 and 1963 the Bismark Mine
in southwestern Montana (Figure 1) was
mined for molybdenum, copper, iron,
lead, and small amounts of silver and
gold. The geology of the mine area
consists of the Precambrian Pony series
(quartzofeldspathic gneiss) and the
Tobacco Root Batholith (quartz-monzonite
granite), which intrudes into the Pony
Series. Mineralization occurs within the
fissures near the contact between the
granite and gneiss.

Iron sulfide minerals, such as pyrite, chalcopyrite, and molybdenite, are also found near the
primary minerals within the fissures. Mine tailings (waste rock) were deposited downslope
from the main (lowermost) adit. Water seepage from the adits flows downslope into a
wetland that naturally developed over the tailings. Oxidation of iron sulfides, like those
found in the mine tailings, release hydrogen ions which lower pH and create acidic water
(Jamieson, 2011). However, water samples collected from the area ranged from pH 6.78 to
8.05.

Additional splits of the samples were sent to Activation Laboratories in Ancaster, Ontario,
Canada, for total metal analysis using a four acid digestion followed by analysis using
inductively coupled plasma optical emission spectrometry (ICP-OES). To evaluate the
potential for adsorption of dissolved contaminants in contact with soils, distribution
coefficients (Kd) for iron, copper, zinc, lead, and chromium were calculated using equation 1.

Kd

Where :

Cs

C aq

Cs = concentration of element in the solid state
Caq = concentration of dissolved element in solution

Equation 1.

Results
Students from Indiana University collected and analyzed (using atomic adsorption
spectrometry) water samples from various locations in the wetland area. As seen in Table 1,
pH values of the waters feeding the wetland range between 6.78 and 8.05. Zinc is present in
the highest concentrations (15-36 mg/L) compared to the other elements, while iron is
present in the lowest concentrations (0.03-1.47 mg/L).

As seen in Figure 4, the pH of the soil samples
ranges from 2.91 (BWS15_P3_4) to 6.44
(BWS15_P3_1). Generally, pH values are lowest
at mid-depth at both sample locations and
highest near the surface (BWS15_P2_1 and
BWS15_P3_1 are at the surface and sample
depth increases to the right).
Figure 4. pH of the soil samples.

Concentrations of trace and major elements in the soil samples are shown in Figures 5 and 6,
respectively. Copper, Aluminum, Iron and Potassium are present in the highest
concentrations. Trace elements concentrations were highest near the surface of both soil
sample locations.

Samples were also leached (Figure 3) using a sodium acetate solution adjusted to a pH of 4.8
with acetic acid. Resulting extracts were subjected to colorimetric tests to determine
concentrations of iron, calcium, manganese, potassium, phosphorus, magnesium, sulfate
and aluminum.
B

Table 2. Calculated Kd values.

Discussion and Conclusions
Concentrations of trace elements generally decrease with increasing depth of sample for both
soil sample locations. Concentrations of major elements do not seem to follow a trend either
within or between sampling locations. Iron oxides and oxyhydroxides as well as organic matter
are known to be excellent accumulators of trace elements, though no obvious relationship
between iron concentrations or organic matter and concentrations of other trace or major
elements is evident. Results of the extraction procedure indicate calcium and sulfate are easily
mobilized from the samples. The calculated distribution coefficients indicate the concentrations
of metals held in the soil are far greater than the concentrations found dissolved in the adit and
seeps that drain into the wetlands. This indicates a gradual build up and retention of metals in
the soils over time. Metal retention is quite dependent on pH of the waters in contact with the
soils; if pH were to decrease dramatically, metals could be released from the soils back into
solution. Currently, the pH of water flowing through the wetlands is circumneutral so there is
little chance of mobilization of the metals without a drop in pH.
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Figure 5. Concentration of trace elements in the soil
samples.

Figure 3. A and B. Apparatus used in the extraction
procedure.

The calculated distribution coefficients (Kd, Table 2) show that concentrations of metals in the
soils are several order of magnitudes greater than dissolved concentrations.

Table 1. Water chemistry of samples collected at the Bismark Mine site.

Methods

Figure 2. Soil samples collected from the wetland area
at the Bismark Mine.

Figure 8. Percent organic matter in soil samples.

As seen in Figure 8 (above), organic matter varies considerably in the samples.

The goal of this research was to evaluate the concentration of trace metals in the soils that
formed in the wetlands that receive drainage from the abandoned Bismark Mine and to
evaluate potential mobility of these metals.

Soil samples were collected from two
separate pits in the wetland by students
enrolled in Indiana University’s field camp
in the summer of 2015. The samples
(Figure 2) were placed in labeled Ziplock®
bags and transported to Winona State
University. At the WSU laboratory, pH, loss
on ignition (LOI; used as a proxy for soil
organic matter), and moisture content.

Figure 7. Concentration of extracted elements.

Figure 6. Concentration of major elements in the soil
samples.

Concentrations of extracted elements are shown in Figure 7. Calcium and sulfate were
easiest mobilized, and highest values are located mid-depth in the soil sampling pits.
Aluminum, ferric iron, and sulfate are underreported for several samples and other
elements, like copper, chromium, and arsenic, were not tested due to the limitations of the
testing method.

Jamieson, H. E., 2011, Geochemistry and mineralogy of solid mine waste: essential knowledge
for predicting environmental impact: Elements, v. 7, p 381-386, doi: 10.2113/
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